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1
LIP SYNCHRONIZATION IN A VIDEO
CONFERENCE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation Ser. No. 61/406,799, filed Oct. 26, 2010 and EP Appli-
cation No. 10188901 .2, filed Oct. 26, 2010, both of which are
incorporated herein by reference in their entireties.

TECHNICAL FIELD

The invention disclosed herein generally relates to the field
of real-time data distribution and more precisely relates to
methods and devices for synchronizing streams of data pack-
ets in a multimedia session over a packet-switched commu-
nications network. In particular, the invention provides tech-
niques for lip synchronization in a video conference.

BACKGROUND

In real-time multimedia sessions over packet-switched
communication networks, data in the different channels can
be transmitted in separate streams. It may be desirable to
preserve synchronicity of the channels, so that the offset
between arbitrary reference points in a pair of streams is kept
constant between source end and receiver end, irrespective of
the delays experienced by the respective streams.

SUMMARY

Embodiments of methods of enabling synchronization of a
plurality of data streams having time-stamped packets
wherein the plurality of data streams are of a first type and at
least a second type different than the first type, of which at
least one stream of the first type is to be processed at a server
are disclosed herein. In one aspect, a method includes re-
dating a timestamp of a packet, using a processor, based on an
estimated relative delay for transport up to the server between
first-type and second-type streams and a predicted relative
delay representative of a processing time duration between
first-type and second-type streams, thereby allowing the rela-
tive delays to cancel at least partially.

Embodiments of apparatuses for handling a plurality of
data streams of time-stamped packets are also disclosed
herein. In one aspect, an apparatus includes a first receiving
means for receiving packets in streams of a first type due to be
processed and a second receiving means for receiving packets
in streams of a second type different than the first type. The
apparatus also includes a relaying means for re-dating times-
tamps of packets in streams of at least one of the first and
second types, on the basis of a predicted relative delay repre-
sentative of processing duration difference between first-type
and second-type streams and an estimated relative delay for
transport up to the apparatus between first-type and second-
type stream s, thereby allowing the relative delays to cancel at
least partially.

Embodiments of apparatuses for enabling synchronization
of a plurality of data streams having time-stamped packets,
where the plurality of data streams are of a first type and at
least a second type different than the first type, of which at
least one stream of the first type is to be processed at a server
are also disclosed herein. In one aspect, an apparatus includes
a memory; and a processor configured to execute instructions
stored in the memory to: re-date a timestamp of a packet
based on an estimated relative delay for transport up to the
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server between first-type and second-type streams and a pre-
dicted relative delay representative of a processing duration
difference between first-type and second-type streams s,
thereby allowing the relative delays to cancel at least partially.

These and other embodiments will be described in addi-
tional detail hereafter.

BRIEF DESCRIPTION OF THE DRAWINGS

This and other aspects of the present invention will now be
described in more detail with reference to the appended draw-
ings, on which:

FIG. 1 is a generalized block diagram of three entities for
handling media streams in a communications network;

FIG. 2 is a detailed view of an encoder of the general type
shown in FIG. 1;

FIG. 3 is a detailed view of a server of the general type
shown in FIG. 1;

FIG. 4 is a detailed view of a decoder of the general type
shown in FIG. 1; and

FIG. 5 illustrates two streams of data packets, their relative
time shifts at different points in the network and the locations
and values of accompanying control packets.

DETAILED DESCRIPTION OF EMBODIMENTS

As discussed previously, in real-time multimedia sessions
over packet-switched communication networks, data in the
different channels can be transmitted in separate streams and
it may be desirable to preserve synchronicity of those chan-
nels.

In current synchronization techniques, a stream of data
packets carrying the payload may be accompanied by a
stream of control packets. As an example of one current
technique, the Real-time Transport Protocol (see H.
Schulzrinne et al., RTP: A Transport Protocol for Real-Time
Applications, RFC 3550, 2003) provides a stream of data
packets (RTP packets) and a parallel, optional stream of con-
trol packets, which can be transmitted less frequently than
data packets and can occupy less than 5% of the bandwidth
allocated to data packets. The control packets can be used for
monitoring quality variables but may also include timestamps
for enhanced synchronization of the streams. For example,
the timestamps carried by the control packets may be used to
calibrate other timestamps expressed in local time (device
time) against a reference time if such is available.

In another current technique, for example as described in
U.S. Pat. No. 7,664,057, a server can generate a multimedia
session by mixing source signals “remotely” (in the sense that
non-negligible transmission delays are experienced) from
both the source site and the receiver site. The server under
consideration can preserve timestamps through the mixing
operation, and U.S. Pat. No. 7,664,057 provides a mechanism
where the output streams include synchronization data cor-
relating the mixed stream to the source signals without having
access to a global reference time.

Other current techniques (see, e.g, chapter 7 of S. Firestone
et al., Voice and Video Conferencing Fundamentals, Cisco
Press, March 2007) such as poor man’s lip sync, involve
delaying ‘faster’ streams to achieve synchronization with
‘slower’ streams. In one application, for example, the faster
streams can be delayed by a constant period approximating
the relative offset of the streams. In another application, rather
than a constant period, a delay by the true relative offset can
be used. In some instances, however, the true relative offset
will not be known until processing of the slowest stream has
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been completed. Hence, before completion of the processing
of the slowest stream, only approximate synchronizing mea-
sures can be taken.

In a remote node for decoding, processing and recoding a
packet stream in real time, it may be difficult to relate the
timestamp information to the decoded content of the data
packets. Hence, the information otherwise encoded in the
timestamps may not be available, at least not with sufficient
accuracy, for use in later synchronization. Particular difficul-
ties may be encountered in connection with transform-based
media coding techniques that use overlapping time windows,
variable-length time windows, and/or state-dependent coding
methods such as prediction coding. It may not be possible to
establish a correspondence between input packets (with
timestamps) and output packets (to be provided with times-
tamps enabling synchronization), as input packets do not in
general contribute to output packets in a one-to-one relation-
ship.

The embodiments of the invention provide improved syn-
chronization techniques. These embodiments can handle
streams of data packets, which may include processing and
transmission operations, while preserving synchronicity of
the streams.

FIG. 1A is a generalized block diagram including a trans-
mitting node 100, a server (S) 200 in accordance with an
embodiment of the invention and a receiving node 300. The
transmitting node 100 may be operated by a contributor and
may include an encoder (E). The receiving node may be
operated by an end user and may include a decoder (D). The
transmitting node 100 transmits two streams of data packets
Al, V1 of two different types. In embodiments adapted for
handling streams of both data packets and accompanying
control packets, the transmitting node 100 can transmit con-
trol packets (not shown) to the server 200. The streams can be
intrinsically synchronous, as explained above. The server 200
can process the first stream Al to obtain a processed stream
AM and relay (without any processing or with a less time-
consuming processing) the second stream V1. The processed
stream AM (of the first type) and the relayed stream (of the
second type) are transmitted from the server 200 to the
receiver 300.

FIG. 1B is similar to FIG. 1A but illustrates a setup where
two participant nodes (E) 110, 120 communicate with one
another via a server (S) 200 in accordance with an embodi-
ment of the invention (e.g., during a video conference). Each
participant 110, 120 can both transmit and receive streams of
data packets. At least some of the information each partici-
pant 110, 120 receives from the server 200 can be based on
information which the server 200 has received from the other
participant node 110, 120. More precisely, both participant
nodes 110, 120 canreceive a processed stream AM, which has
been generated by processing for non-negligible time §,, on
the basis of two streams A1, A2 of the first type provided by
the participant nodes 110, 120. On the other hand, the server
200 can relay a first stream V1 of data packets of a second type
from the first participant 110 to the second participant 120,
and can relay a second stream V2 from the second participant
120 to the first participant 110. As will be further explained
below, the action of relaying can be associated with a re-
dating of any packets that accompany the respective streams
of data packets of the second type. In embodiments adapted
for handling streams of both data packets and accompanying
control packets, the control packets can be re-dated before
being relayed.

FIG. 2 illustrates the transmitting node 100 of FIG. 1A in
greater detail. The node 100 can include first and second
transducers 111, 131 for converting an external excitation
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supplied to it, such as an optic or acoustic wave, into a signal
carrying information regarding the character and magnitude
of the excitation. One or more of these transducers (or cap-
turing devices or sampling devices) may, for instance, be an
imaging device or a microphone. Other types of transducers
are also available. The transducers 111, 131 are connected to
encoders 121, 141, respectively, for converting each signal
into a stream Al, V1 of data packets or some other format
suitable for transmission over the communication network.

To enable synchronization, each data packet can carry a
timestamp, which may, for instance, relate to the sampling
instant of the first octet in the data packet. The sampling
instant can be expressed in terms of a sampling-device time.
In one embodiment, each stream (sub-stream) of data packets
can be accompanied by one or more control packets indicat-
ing a correspondence between the sampling-device time and
either a source-device time or a (global) reference clock time,
by forming pairs of a value of the sampling-device time and a
value ofthe other clock time (i.e., local or device-independent
clock). A value of the source-device time appearing in a
control packet need not coincide with a timestamp of a data
packet, but may relate to an intermediate instant, such as the
instant the control packet was generated. As an alternative, a
control packet may define the correspondence in terms of a
data packet number associated with a source-device clock
time. Since the relevant data packet also carries a timestamp
making reference to the sampling-device time, the correspon-
dence between the latter and the source-device clock time can
be readily established. In the following description, the time
value carried by a control packet will be referred to as the
timestamp of that packet. In other embodiments, the time
value can also refer to other values independent of the times-
tamp of the packet.

FIG. 4 illustrates the receiving node 300 of FIG. 1A in
greater detail. Both incoming streams AM, V1 of data packets
are received at a receiving interface 310, which provides each
of these to a processing chain which includes, respectively,
buffers 321, 331, decoders 322, 332 and playback devices
323, 333. The receiving node 300 can be configured to play
data packets of the two streams as synchronously as possible.
More precisely, the receiving node 300 can be configured to
match data packets (identified by numbers or source-device
timestamps) to the points in reference time that the control-
packet timestamps indicate and attempt to keep the (refer-
ence) time difference between such data packets that are
being played simultaneously as small as possible. The receiv-
ing node 300 may perform interpolation, catch-up or other
procedures for enhancing time synchronicity. In this context,
control packets originating from difference source devices
can carry timestamps referring to a common reference time,
e.g., a server-clock time. However, other suitable techniques
are available to achieve at least partial synchronicity even in
the absence of a common reference time.

FIG. 3 is a detailed view of the server 200 of FIG. 1B. The
server receives two first-type streams A1, A2 and two second-
type streams V1, V2 and provides as output a processed
first-type stream AM and two re-dated second-type streams
V1*,V2* Eachofthe seven streams of data packets is accom-
panied by control packets, wherein the server 200 generates
the control packets accompanying the processed stream AM
and has amended or substituted the control packets accom-
panying the re-dated streams V1*, V2*. In this embodiment,
the control packets constitute the only difference between the
second-type streams V1, V1* and V2, V2* before and after
re-dating.

Receiving units 211, 212 can receive control packets
accompanying the first-type streams A1, A2 and can compute
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an estimated transport time 0,,, 8 4, for each control packet.
The estimated transport time can be computed as the differ-
ence between the timestamp carried by the control packet and
the receipt time of the control packet. Even in cases where the
timestamp refers to the instant of generation in source-device
time and the receipt time is measured in server time, the
difference between transport times estimated in this manner
can be an approximation of the true transport delay, since
systematic errors cancel out. In the general case, the control
packets are not transmitted past the receiving units 211, 212,
and the estimated transport times 8 ,,, d,, can be the only
output.

The streams of data packets can be provided to a processing
unit 230 which can include combined buffer and decoder
units 231, 232, which can receive the first and second first-
type stream, respectively. The decoded signals from each of
these units 231,232 can be provided to a signal processor 235,
the output of which can be one, non-encoded signal. The
buffer and decoder units 231, 232 may need to buffer the
decoded signals so as to smoothen out network jitter. Yet, in
the case of asynchronous processing (see above), buffering
may not be necessary to achieve synchronicity. The output
signal from the signal processor 235 is fed to an encoder 236,
which can convert the signal to data packets in a format
suitable for transmission over the network. The encoder 236
can also ensure that this stream of data packets is accompa-
nied by control packets. The control packets may carry a
timestamp referring to a reference time being a server-clock
time, and a data packet number referring to the packet
encoded at this instant in reference time. As an alternative, the
control packets may carry a timestamp in a global reference
time and a synchronous internal encoder-clock time. Either
way, the receiving node 300 can derive the reference clock
time value characterizing each data packet, so that synchro-
nous playback is possible.

The server 200 also includes a second group of receiving
units 221, 222 configured to handle data packets accompany-
ing second-type streams of data packets. In this embodiment,
the receiving units 221, 222 can read off the timestamp of the
control packets, for re-dating the control packets and for
relaying them. This embodiment involves explicit estimates
of a transport time 0 ,, 8 ,, for each stream of the first type
(see below for a discussion on ways of estimating the trans-
port times), which can be fed from the first group of receiving
units 211, 212 to respective receiving units 221, 222 in the
second group. Further, the processing unit 230 provides a
prediction 9,, of the current processing time to each of the
receiving units 221, 222 in the second group. By further
having access to the reference clock time (server-clock time
or global reference time, as noted above), each of the receiv-
ing units 221, 222 can re-date a control packet accompanying
a first-type stream so that it has the new timestamp t_+9,,+
3 4,-9,. Here, t_1s the time instant in reference time at which
the control packet is amended. Similarly, a control packet
accompanying a second-type stream will have the new times-
tamp t +9,,+9 ,,—0,,. Thus, all control packets accompany-
ing a relayed second-type stream of data packets will have
been re-dated.

FIG. 5 illustrates two streams of data packets, one stream
Al of the first type and one stream V1 of the second type. By
way of example only, the first-type stream can contain data
packets intended for being played over an extended time
interval (e.g., audio segments with a duration on the millisec-
ond scale), while the second-type stream can contain data
packets suitable for point-wise rendering (e.g., video frames).
InFIG. 5, the streams have been drawn according to their time
positions relative to a (imaginary) global reference-clock
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timeline. The first-type stream Al has been drawn at two
different locations separated by time intervals—at the output
from an encoder and at the input to a server (after transmis-
sion)—and therefore shifts rightward along the timeline. Fur-
ther, a processed stream AM is shown at the output from the
server, and so the processed stream is shifted rightward by the
duration 9, of processing. Similarly, the second-type stream
V1 has been drawn at the encoder output and at the server
input (after transmission). A second-type stream V1*, which
contains the same data packets as the original second-type
stream V1 but re-dated control packets, is shown at the server.
Since the process of re-dating incurs a negligible time delay,
the two second-type streams V1, V1* are not drawn shifted.

Several points in time have been indicated on the timeline
in FIG. 5. Here, the label t1 refers to the instant at which a
control packet A accompanying the first-type stream is gen-
erated. Similarly, t2 refers to the instant at which a control
packet B is generated. In this example, the timestamp of a
control packet is defined as the instant of generation, and so
control packets A and B carry timestamps t1 and t2, respec-
tively. Labels t3 and t4 refer to the respective receipt times of
control packets A and B. When both control packets have
been received, packet A is t4—t1 time units old, while packet
B is t4-t2 time units old. According to their timestamps, the
age difference of the packets before processing and re-dating
is therefore t2-t1.

The data packets in the first-type stream can then be
decoded and processed, while the control packets, including
packet A, are discarded. At time t5, a new control packet C is
generated to accompany the processed stream AM. In this
example, the new control packet C is located approximately at
the same location as the discarded control packet A (which
implies that t3+3,,~t5), which is however not essential to the
functioning of the re-dating concept. The control packet B
accompanying the second-type stream is replaced by (or
amended into) a control packet D carrying the timestamp t4
when it was generated adjusted by an added quantity accord-
ing to the following equation:

DiffV=—-11+12+13-14+0,; wherein

d,, in this expression denotes the predicted processing
time. In some instances circumstances, the first portion of this
expression can be computed as a difference in transport times
(i.e.,t3—t1 subtracted by t4—t2). Alternatively, the first portion
of the expression may be computed as a change in the time
shift separating a first-type and a second-type control packet
between the encoder output and the server input (i.e., by
subtracting t4-t3 from t2—t1.) With regard to the timestamps,
the age of control packet C immediately after its creation will
be t5-15=0, while the age of the re-dated control packet D will
be t5—(-t1+12+4t3+9,,)—t1-t2. Hence, the age difference is
preserved.

The heuristic verification of the age difference can be
easier to carry out where the locations of control packets A
and C have been chosen equal. However, the re-dating refers
to the streams as a continuous flows, and corresponding cal-
culations will show that the second-type stream can be cor-
rectly re-dated even if the locations of control packets accom-
panying the processed stream do not match those of its input
stream or streams.

As others skilled in the art will readily appreciate, the
re-dating process described hereinabove is equally applicable
to the case of having a plurality of first-type and/or second-
type streams. The re-dating process can be carried out without
modification when several first-type streams are processed
asynchronously, and no buffering time to achieve pre-pro-
cessing alignment need be taken into account.
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Embodiments of the invention may also be embodied as a
re-dating method to compensate delays occurring in synchro-
nous processing of pair-wise synchronous streams. Synchro-
nous processing entails aligning the first-type streams of data
packets upstream of the processing means, so that the latter
receives packets of the same age (according to their times-
tamps) as input. In the particular example of audio mixing in
a video conference, this can amount to translating real-world
synchronicity between speakers into synchronicity in the
mixed audio signal. The aligning of first-type stream happens
at the cost of delaying the n” data packet by an additional
amount (max,d ,,)-93 .. All data packets except the one latest
delivered can be delayed. When this amount is added to the
earlier expression t_+8,,+0,,-0,,, a re-dated control packet
inthe n” second-type stream can carry t_+3, +(max,d ,,)-3,,,
as its timestamp. More specifically, this timestamp can be the
sum of a current reference time, the predicted processing time
in the processing means and the maximum estimated trans-
port time for a stream of the first type subtracted by the
estimated transport time of the n” stream of the second type.

Embodiments of the invention can be useful for handling of
several streams processed by different operations, causing
different processing times and thereby incurring a relative
processing delay. The embodiments can also be useful
together with processing at a network node (server) which can
be an intermediate node between a source node and a client
node. A network node may receive input streams from differ-
ent source nodes at different points in time because of varia-
tions in transport times, thereby causing a relative transport
delay between the input streams. Further, in a network node
that is not a client node, it may be unsuitable to withhold (i.e.,
delay sending of) a stream not due to be processed or an
output stream longer than necessary. Indeed, such delayed
sending may imply that the streams are more sensitive to
transport delays downstream of the network node (server).

The re-dating provided by the embodiments takes into
account the relative transport delay (or jitter) that is at hand
between packet streams of two different types, as well as the
expected or predicted difference in processing times between
the streams (which will in the sequel be referred to as the
relative processing delay). The relative processing delay may
correspond to the processing time itself since streams of a first
type may be processed while streams of a second type may
not be processed at all. The embodiments of the present
invention are advantageous in that they provide for compen-
sation of these two delays jointly. Indeed, the re-dating pro-
vides a possible cancellation of the two relative delays. As
discussed above, some current methods re-date the streams
that are to be relayed by increasing their timestamps by an
estimated relative processing delay. If a favourable relative
transport delay (that is, one that wholly or partially cancels
the processing delay) is present, be it only intermittently, then
the timestamp increase may be superfluous and only extends
the necessary handling time in the server.

A further advantage of some embodiments is, for example,
reliance on a predicted processing delay. Since the outcomes
of one or more actual processing operations need not be
waited for, re-dating may be the only step that the server
carries out on a second-type stream. Likewise, the second-
type packets may undergo a shorter processing operation than
first-type packets, and once the second-type packets have
been duly re-dated, they can be dispatched from the server.
Hence, these packets can be relayed without being withheld
and consequently without occupying bufter memory. In par-
ticular, the packets can be relayed independently of the first-
type packets, in other words, asynchronously. Immediate
relaying enhances the timeliness of delivery to the receiving
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end of the streams, considering that non-processed packets of
afirst-type stream may experience unfortunate circumstances
(network delays, packet losses requiring retransmission etc.)
downstream of the server causing them to be delivered later
than corresponding processed packets of a second-type
stream. A similar line of reasoning is valid in the case where
first-type packets are processed relatively longer and second-
type packets are processed relatively shorter. The prediction
of the processing time can be refreshed very frequently, for
example, by feedback from past processing times, and can
thus be made quite accurate.

Furthermore, embodiments of the invention may be used to
transfer a time relationship (e.g., a synchronicity) that exists
between input streams into a corresponding time relationship
between output streams. This may also be achieved in a
situation where an output stream is derived from one or more
input streams.

The embodiments may not only be applicable to streams
that are either processed or relayed, but may also improve
synchronicity of streams which undergo different types of
processing, particularly if the different types of processing
are expected require different processing times. The term
“relative processing delay” has been employed irrespective of
whether both or only one stream type is due to be processed,
and the term “relayed” can include being processed by a less
time-consuming scheme than a “processed” stream is. “Pro-
cessing time” can be the time elapsing from the instant that a
point in a data-packet stream is input (or received) for pro-
cessing until the corresponding point is output (or sent) in a
processed stream. Hence, a predicted processing time can
attempt to quantify the delay incurred by the processing when
this is considered alone.

Further, “transport time” can refer to the time required to
transmit a data packet from a source device to a network site
where the packet is due to be processed. It may not be possible
to accurately estimate the transport time of a time-stamped
packet since an unknown period may have elapsed between
the time-stamping instant and the dispatch of the packet.
However, a difference in transport times—a relative transport
delay—Dbetween two streams sent from the same source can
often be estimated with good accuracy at receipt of a packet
for each stream.

Moreover, the action of “re-dating” a timestamp may con-
sist in amending (i.e., time-shifting the value of) a time field
in an existing packet. The time field may be located in a
header of the packet, such as an RTP header. It may also
include substituting a new packet with a shifted timestamp
(but otherwise substantially unchanged payload) for an exist-
ing packet.

In one embodiment, the server may perform not only re-
dating (and, possibly, relaying), but also carries out process-
ing. This way, both types of streams are handled by the same
server, which means that information for estimating differ-
ences in transport times and the predicted processing time is
conveniently at hand, at negligible retrieval time.

In another embodiment, the transport time may be esti-
mated as the period elapsed from the timestamp to a receipt
time. This is a simple but possibly efficient way of estimating
the relative transport delay. Other choices include, firstly, the
time elapsing from the instant of acquisition (e.g., acquisition
of an audio segment or image frame) or, secondly, the time
elapsing from the actual dispatch of the packet. Although
these estimates may not agree with the actual transport time,
they allow a faithful estimation of the difference in transport
times, since errors cancel out. In particular, the difference in
transport times can be estimated by studying how a time
difference between two specific packets belonging to difter-
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ent streams varies from the instant of generation (or acquisi-
tion, or dispatch) and the instant of receipt at the server.

In another embodiment, at least one stream of a first type
can be processed to obtain at least one processed stream of
time-stamped data packets. Further, the processed stream
may be obtained by processing two or more streams of the
first type. The processing may comprise mixing, adding,
modulating, subtracting, moving-averaging or some other
multiple-input-single-output processing. The embodiments
may be used to solve the problem of maintaining an original
synchronicity between input streams past a step or stage (e.g.,
aserver) in which some of the streams are processed and other
not. By re-dating the packets of some or all output streams, a
synchronization of the output streams is ensured irrespective
of whether they have been processed or not, or whether the
processed streams have been subjected to comparable pro-
cessing operations.

In another embodiment, at least some of the streams may
be considered to belong to pairs comprising one stream of
each type. Each pair is characterised by an intrinsic synchro-
nicity. For instance, a pair of streams may be generated by an
imaging device and a microphone that are co-located at the
source, e.g., by being built-in devices in a personal computer
or by being arranged in the same environment, particularly a
studio or meeting room. The imaging device may generate a
video stream and the microphone may generate an audio
stream, that is, synchronous streams of two different types. A
natural synchronicity will be preserved if the streams within
a pair are reproduced at a receiving end so that given points
maintain, at the source, the same time shift as they had at
acquisition. Consequently, if a plurality of such pairs are fed
to a server which processes some of the streams, then the
embodiment can preserver the synchronicity within each pair.
For this purpose, the re-dating is effected to synchronize a
second-type stream with the contribution its associated first-
type stream makes to the processed stream or streams. Either
existing packets are amended or new packets, encoding oth-
erwise unchanged information, are generated while old ones
are deleted. The nature of the processing may determine the
extent of the re-dating.

In another embodiment, the streams can include pairs of
audio (first type) and video streams (second type) generated
by pair-wise co-located source devices. Audio streams are
processed while video streams are (directly) relayed. Hence,
the embodiments can be adapted so that it preserves the
synchronicity within each pair. If the subject to be rendered is
a speaking or singing person, the embodiments may achieve
a lip synchronization, i.e., a synchronization of the audio and
video streams.

As a further development of the preceding embodiment,
the audio streams may be processed by combination, that is,
by being mixed together into one common stream. The
streams may be added with equal or different weights and
possibly with differences as to other parameters as well. Such
processing may be useful in a video conference where the
suitable output may be a mixture of sound from all speakers
and a video image showing at least the currently speaking
person. To achieve this, all audio streams from the participat-
ing sites may be sent to a server for mixing and then redis-
tributed to all sites. Meanwhile, the video stream from each
site may be sent out to the other sites, so that each of these may
select what visual content to display, such as a mosaic image,
a single-site image and/or a dual screen. It is noted that the
mixing of video content can be less computationally demand-
ing—and may be further streamlined by choosing a suitable,
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scalable coding format—than mixing of audio content, which
is why centralized audio mixing may represent a computa-
tionally economical solution.

Other embodiments provide enabling synchronization of
streams including a sub-stream of data packets and at least
one control packet transmitted over the same sub-stream or
out-of-band, separately from the data packets in a different
sub-stream. As an addition to the timestamps in local time
(device time) carried by the data packets, a control packet
may include information associating a point in the stream of
data packets with a point in time, which may be common to all
sampling and/or encoding devices at the source. Alterna-
tively, the time may refer to a source-device clock or server
clock designated as global reference time, to a device-inde-
pendent network wall clock, to a clock in accordance with the
network time protocol (NTP) or to some other time signal
accessible from the source devices. The point in the sub-
stream of data packet may be a packet or portion of a packet
or an interval between packets, and may be expressed by a
frame number, packet number or a local timestamp referring
to a clock of a sampling and/or encoding entity within the
source device.

One option for generating a new control packet at a source
device is to associate simultaneous or approximately simul-
taneous readings of a device-independent reference clock and
of'a source-device clock. The readings may refer to the instant
at which the control packet is generated. Another option is to
generate a control packet in parallel with a data packet,
wherein the same reading of the source-device clock (or data
packet serial number) is included in both packets and the
control packet further includes a current reading of the global
reference clock. In the latter case, it may be advantageous to
compensate known or predicted delays in the source device
that are due to encoding or transmission to the extent that
these delays affect control packets and data packets differ-
ently. Still another option is to associate simultaneous or
near-simultaneous readings of the source-device clock and a
clock of a sampling and/or encoding entity within the source
device. If the control packets carry associations between par-
ticular points in a data packet sub-stream and points in a
reference time, this may enable a receiver device to align
streams synchronously at playback.

In the setting of such streams of both data packets and
control packets, the embodiments may provide a re-dating
procedure which enables synchronization of streams which
may be subject to respective processing operations of differ-
ent durations. The re-dating is concerned with the control
packets of the non-processed stream or streams. The re-dating
may include amending (i.e., time-shifting) a timestamp field
in existing control packets. It may also include substituting
new control packets, having shifted timestamps, for existing
control packets. As another alternative, the re-dating proce-
dure may delete existing control packets and generate new
ones located differently, that is, so that new timestamps are
associated with points in the data-packet streams that do not
necessarily coincide with existing control packets as regards
their number or locations.

In another embodiment, the re-dating of a second-type
stream may be performed by setting the timestamp of a con-
trol packet to t +9,,+9,,-0,,, where t_ denotes the current
time in reference time, 9,, is the predicted processing time
(relative processing delay) and 8,9, is the difference in
transport times (relative transport delay), the amount by
which the first-type stream lags the second-type stream. In
this context, the reference time may refer to a server clock, to
a device-independent network wall clock, to a clock in accor-
dance with the network time protocol (NTP) or to some other
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time signal accessible from the server devices. Timestamps
referring to one of these clock types can enable the receiving
end to restore synchronicity between the received streams. As
already noted, the control packet that is to carry this times-
tamp may be generated at the instant of re-dating or may be an
existing one, the timestamp of which is amended. It is noted
that the default choice of timestamp for a control packet
accompanying a freshly generated data packet can be t, in
reference time (e.g., server-clock time). Such re-dating of the
control packet will preserve synchronicity. The difference in
transport times can be estimated indirectly by considering
how the time shift in a given set of first-type and second-type
streams varies between different points in the communication
network, such as from the source-device output interface to
the server input interface.

In another embodiment, the re-dating of the control packets
may be conformal to the Real-time Transport Protocol (RTP).
This can permit seamless integration with many existing sys-
tems. In particular, the control packets referred to above may
be conformal to a Sender Report (SR) RTCP packet, wherein
the field NTP timestamp may carry the timestamp.

In another embodiment, at least one processed stream may
be obtained by processing first-type streams while a non-
processed stream of the second type is (only and directly)
relayed. Each stream may comprise a sub-stream of data
packets and a sub-streams of control packets. In this present
embodiment, synchronization may be enabled by re-dating
control packets in the second-type stream.

In another embodiment, there may be two or more streams
of'the second type. Each of these streams may be output while
being accompanied by a re-dated control packet so as to
preserve their synchronicity.

As one example, the processing may consist in substan-
tially additive mixing of all first-type streams in accordance
with their arrival times. That is, the device responsible for
mixing may not actively restore the physical time synchro-
nicity between the source devices which generate the first-
type streams. Such processing may be referred to as asyn-
chronous. Here, the re-dating of the control packets for
second-type streams may take place at the initiation of the
processing: when processing of a first-type data packet
begins, its corresponding second-type control packet is re-
dated to match the first-type control packet which is to be
generated a little later, attime t5, to accompany a forthcoming
data packet in the processed stream. The timestamp of the
re-dated control packet can be set to a later instant than the
time at which the re-dating takes place. To enable immediate
relaying, however, instead of the true instant t5 at which
processing is done, the re-dated control packet can use as its
timestamp a predicted instant, which is in turn adjusted to
account for jitter within the pair to which the second-type
control packet belongs. If the second-type stream lags the
first-type stream, the new timestamp can be set to an even later
instant. If the first-type stream lags the other, the re-dating
will result in a slightly earlier new timestamp.

Other embodiments of the invention are also possible. For
example, the embodiments disclosed in this application may
be varied by carrying out backward re-dating of control pack-
ets for a processed stream (that is, by subtracting the quantity
DiffV) in lieu of forward re-dating control packets for non-
processed streams. Indeed it is possible to preserve the correct
synchronicity of the streams even after such inversion of the
re-dating procedure.

The embodiments of the transmitting node 100, server 200,
receiving node 300 and/or participant nodes 200 (and the
algorithms, methods, instructions, etc. stored thereon and/or
executed thereby) can be realized in hardware, software, or
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any combination thereof. The hardware can include, for
example, computers, intellectual property (IP) cores, appli-
cation-specific integrated circuits (ASICs), programmable
logic arrays, optical processors, programmable logic control-
lers, microcode, microcontrollers, servers, microprocessors,
digital signal processors or any other suitable circuit. In the
claims, the term “processor” should be understood as encom-
passing any of the foregoing hardware, either singly or in
combination. The terms “signal” and “data” are used inter-
changeably. Further, portions of the transmitting node 100,
server 200, receiving node 300 and/or participant nodes 200
do not necessarily have to be implemented in the same man-
ner.

Further, in one embodiment, for example, the transmitting
node 100, server 200, receiving node 300 and/or participant
nodes 200 can be implemented using a general purpose com-
puter/processor with a computer program that, when
executed, carries out any of the respective methods, algo-
rithms and/or instructions described herein. In addition or
alternatively, for example, a special purpose computer/pro-
cessor can be utilized which can contain specialized hardware
for carrying out any of the methods, algorithms, or instruc-
tions described herein.

Further, all or a portion of embodiments of the present
invention can take the form of a computer program product
accessible from, for example, a computer-usable or com-
puter-readable medium. A computer-usable or computer-
readable medium can be any device that can, for example,
tangibly contain, store, communicate, or transport the pro-
gram for use by or in connection with any processor. The
medium can be, for example, an electronic, magnetic, optical,
electromagnetic, or a semiconductor device. Other suitable
mediums are also available.

The above-described embodiments have been described in
order to allow easy understanding of the present invention and
do not limit the present invention. On the contrary, the inven-
tion is intended to cover various modifications and equivalent
arrangements included within the scope of the appended
claims, which scope is to be accorded the broadest interpre-
tation so as to encompass all such modifications and equiva-
lent structure as is permitted under the law.

What is claimed is:

1. A method of synchronizing a plurality of data streams
having time-stamped packets, wherein the plurality of data
streams are of a first type and at least a second type different
than the first type, of which at least one stream of the first type
is to be processed at a server, the method comprising:

re-dating a timestamp of a packet, using a processor, based

on an estimated relative delay for transport up to the
server between first-type and second-type streams and a
predicted relative delay representative of a processing
duration difference between first-type and second-type
streams, thereby allowing the relative delays to cancel at
least partially.

2. The method of claim 1, further comprising:

processing the at least one stream of the first type to obtain

at least one processed stream of time-stamped data pack-
ets,

wherein at least one of a data packet in the at least one

processed stream or a data packet in a second-type
stream is re-dated.

3. The method of claim 2, wherein the at least one stream of
the first type includes two first-type streams and wherein the
two first-type streams are processed to obtain the at least one
processed stream of time-stamped data packets.
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4. The method of claim 1, further comprising:

relaying packets of the first-type and second-type streams

independently of one another.

5. The method of claim 1, wherein the relative transport
delay is estimated as a difference between a first period,
elapsed from a timestamp of a packet in a first-type stream to
a receipt time of this packet, and a second period, elapsed
from a timestamp of a packet in a second-type stream to a
receipt time of this packet.

6. The method of claim 1, wherein:

the streams are ordered in synchronous pairs, each pair

includes a first-type stream and a second-type stream;
first-type streams are to be processed to obtain a processed
stream; and

timestamps in packets of each second-type stream are re-

dated, to preserve synchronicity of the stream and a
contribution to the processed stream made by the first-
type stream of the pair, and these packets are relayed.

7. The method of claim 1, wherein the first type is audio and
the second type is video, and wherein streams of the first type
are to be processed by combination.

8. The method of claim 1, wherein each stream includes a
sub-stream of data packets and an accompanying sub-stream
of'control packets including timestamps associating a point in
the sub-stream of data packets with a point in time, wherein
re-dating the timestamp of a packet comprises:

re-dating a timestamp of a control packet.

9. The method of claim 8, wherein:

the first-type streams are processed to generate a processed

stream including a sub-stream of data packets and a
sub-stream of control packets, each control packet car-
rying a timestamp associating a point in the sub-stream
of data packets with a point in reference time at which
this point in the sub-stream of data packets was obtained
by processing; and

the re-dating includes setting a timestamp of a control

packet accompanying a second-type stream to the sum
of a current reference time, the relative processing delay
and the relative transport delay between first-type and
second-type streams.

10. A apparatus for handling a plurality of data streams of
time-stamped packets, comprising:

a first receiving means for receiving packets in streams of

a first type to be processed;

a second receiving means for receiving packets in streams

of'a second type different than the first type; and

a relaying means for re-dating timestamps of packets in

streams of at least one of the first and second types, on
the basis of a predicted relative delay representative of
processing time duration difference between first-type
and second-type streams and an estimated relative delay
for transport up to the apparatus between first-type and
second-type streams, thereby allowing the relative
delays to cancel at least partially.

11. The apparatus of claim 10, further comprising:

aprocessing means for inputting at least one stream of the

first type and for outputting a processed stream,
wherein the relaying means is configured to relay packets
in streams of the one type after completion of re-dating.

12. The apparatus of claim 10, wherein:

the first and second receiving means record receipt times of

control packets; and

the relaying means estimates the relative transport delay as

adifference between a first period, elapsed from a times-
tamp to a receipt time of a packet in a first-type stream,
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and a second period, elapsed from a timestamp to a
receipt time of a packet in a second-type stream.
13. The apparatus of claim 10, wherein the apparatus is
configured to handle synchronous pairs of streams, each syn-
chronous pair of streams including a first-type stream and a
second-type stream, wherein:
the processing means processes first-type streams to obtain
a processed stream; and

the relaying means re-dates timestamps in packets of each
second-type stream, to preserve synchronicity of the
stream and a contribution to the processed stream made
by the first-type stream of the pair, and to relay packets
with re-dated timestamps.

14. The apparatus of claim 13, wherein the apparatus is
configured to handle streams each including a sub-stream of
data packets and an accompanying sub-stream of control
packets including timestamps each associating a point in the
sub-stream of data packets with a point in time,

wherein the relaying means re-dates timestamps of control

packets.

15. An apparatus for enabling synchronization of a plural-
ity of data streams having time-stamped packets, wherein the
plurality of data streams are of a first type and at least a second
type different than the first type, of which at least one stream
of'the first type is due to be processed at a server, the apparatus
comprising:

a memory; and

aprocessor configured to execute instructions stored in the

memory to:

re-date a timestamp of a packet based on an estimated
relative delay for transport up to the server between
first-type and second-type streams and a predicted
relative delay representative of a processing time dif-
ference between first-type and second-type streams.

16. The apparatus of claim 15, wherein the processor is
further configured to:

process the at least one stream of the first type to obtain at

least one processed stream of time-stamped data pack-
ets,

wherein at least one of a data packet in the at least one

processed stream or a data packet in a second-type
stream is re-dated.

17. The apparatus of claim 16, wherein the at least one
stream of the first type includes two first-type streams and
wherein the two first-type streams are processed to obtain the
at least one processed stream of time-stamped data packets.

18. The apparatus of claim 15, wherein the processor is
further configured to:

relay packets of the first-type and second-type streams

independently of one another.

19. The apparatus of claim 15, wherein the relative trans-
port delay is estimated as a difference between a first period,
elapsed from a timestamp of a packet in a first-type stream to
a receipt time of this packet, and a second period, elapsed
from a timestamp of a packet in a second-type stream to a
receipt time of this packet.

20. The apparatus of claim 15, wherein:

the streams are ordered in synchronous pairs, each pair

includes a first-type stream and a second-type stream;
first-type streams are due to be processed to obtain a pro-
cessed stream; and

timestamps in packets of each second-type stream are re-

dated, to preserve synchronicity of the stream and a
contribution to the processed stream made by the first-
type stream of the pair, and these packets are relayed.
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